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Spacecraft Autonomous Navigation for Formation Flying  llarth
Orbiters Using tlw (;lol)al  l’ositioning  Systm

A13$’I’RAC’1’-

‘1’his paper cxlcn(is  earlier analysis for conlpu[ing  maneuver times and magnitudes
:iII[CJIlCJIIILJLISly  for }iar[h orbiting spacccral[ will)  a fmun(itrack  l’l>j)ca[ rcquircmcn[ [ 1 ]. By

aIuIlogy, mmly  ictcmlical  aLIioIIoInous  naviga~itjn  slratcgics  CaII bc used for IWO spacccrail
flying ill formation. ‘1’rackillg  and orbil clcll’llllill:i(i~~l~  funclions  arc performed using [hc
Global  l’osi[ioning  Sys[cm (GPS) aId  spaccu  af[ aloI~g [rack separation drif[ behavior is
cxaminc~i with a simp]c empirical model 10 dcdLIcc  required nlancuvcI  limes aI)ci
m:]p,niiudcs, ‘1’llus, Il)is Icchniquc d o t s  1)01 rcquiw  the ct)nvcnliona]  1001s of orbit
(l(>t(>ll~~it):i[ic)])  (i.e., numerical inkgr:itor for sta[c/suttc  partial propagation aml  K:ilmaII  filter
ftw ohscrvalitm  noise filkring). ‘I”hc simplified empirical model also rcduccs Ihc complexity
of Ihc orbit prtJ1>ag2i(itJ11 /pl~:~liclit  JIl [ask required by the maneuver decision and design
funcli{)ns.

Simplifying aid automating rou[inc  spacccraf[  (qwl”alions  is im’casing]y desirable 10 rducc
space scicncc  missions costs. ‘1’hjS papcl pR:sL’ll(s :i Silllp]ifld  approach 10 :iLIIc)llollloLIs]y”
navigalc  1 iarlh orbiting spacccraf( flying in ncal cir~wlar  orbits with a minimum al(mg track
separation of approximately 10 km. ‘1’his kchniquc is a candidate fc)r validati~~n  in NASA’s
Ncw Mittcnnium I+AIII- 1 mission to dcmonstra[c  autonomous  navigation of a low CM land
imaging spacecraft. “J’hc Ncw Millennium spacecraft will fly in fomatiol)  with
1 .ANIX+A”l’-7 10 va]idalc  a ncw lighlwcig,ht,  l(~w cos( imaging, syslcm,

I ilcmcn[s of this autonomous navigation syslcm inc]udc: Global Positioning Sys[cm ((31’S)
tracking and orbil ~l(~lc:rlllilla[ic~ll,  mamuvcr  (iccision,  maneuver design, and mancuvcx
iflllJlcllllcllt:lliL>ll.  “1’his  mcmomndum  proposes a slrak;gy cmmmpassing  all clcmcn(s cxccpl
{Im maneuver illll~l~~lll~:tl[:ttiotl  f’umlioll.

Tracking System and Orbit l)ctcrmination

l;or [his simplifid autommms navigali{m  slratcsy, only Ihc spacccrall  posi[ion is rcquimt:
thus, IIIC minimum SCI of observations mnsis[s  of four simultaneous G1>S pscudorangc
mcasumncnls and Ihc Gl)S spiicc vchic]c (l]>]l~;lllt;l”i(ic:s. l’oinl  posilion solulions
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